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1 Introduction

In RAN4 meeting, the impacts of relay on RRM have been discussed recently. The measurement about relay RSRP [1] was discussed in last meeting, and the use cases of RSRP/RSRQ report are clarified in [2]. In this contribution, the RSRQ range of relay backhaul link is discussed. 
2 Discussion
In TS 36.214 RSRQ is defined as follows: 

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


In Rel-9, the reporting RSRQ range of UE is defined from -19.5 dB to -3 dB with 0.5 dB resolution [3], which was firstly analyzed in [4] and finally specified in section 9.1.7 of TS 36.133. The impacts of minimum and maximum values in relay backhaul link are discussed as follows. 

2.1 Minimum Level
In [4], the RSRQ minimum value is based on the lowest geometry factor
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to analyze  the RSRQ minimum value.
For relay, the requirement of backhaul link should be more stringent than that of direct link because backhaul link will carry more data transmission with lower delay. Usually, the quality of backhaul link is better than that of access link because of higher antenna and site planning. Therefore, the lowest geometry of relay should be bigger than -8dB and the minimum value of Relay RSRQ should be higher.
Assume that RSRQ is reportable up to: 
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= n dB, and the received signal energy 
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 = 1on linear scale, then total received power from other cells and noise will be 
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 are expressed on resource element level and each resource block comprises of 12 sub-carriers.)
Therefore RSSI which includes power and noise from all sources is expressed in linear scale:

RSSI = 
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Where N is the number of resource blocks over which RSSI is measured
Then RSRQ can be expressed as: 
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Thus from formula (2) the minimum RSRQ can be seen as a function of 
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 = -8dB, the minimum RSRQ is -19.5 dB[4]. For relay, because 
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 may be bigger than -8dB, the minimum RSRQ should be bigger than -19.5.
2.2 Maximum Reportable Level
In [4], The maximum RSRQ is derived assuming transmission from an empty cell, which transmits only reference symbols and other necessary control information, and only two REs which are used for RS have transmit power. So the estimate method of the maximum reportable level for relay backhaul link should be same as UE. Thus the largest RSRQ reportable value should be -3 dB too.
2.3 Simulation analysis
In order to verify our analysis, we make system simulation based on assumptions: 
Table 1 Relay parameters in TS36.814 [5]
	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500m ISD;

Case 3: 2G CF, 1732m ISD

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around, 10relay/macro, uniformly

	BW
	10M

	Total eNB TX power (Ptotal)
	46dBm

	path loss for macro to relay
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.
Case 1:
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

Case 3  (Rural/ Suburban)

Prob(R)=exp(-(R-0.01)/1.15)

	Lognormal Shadowing with shadowing standard deviation
	6 dB for macro to relay

	Shadowing correlation
	Between sites/relay
	0.5

	
	Between cells/sectors
	1.0

	Penetration Loss  
	0dB for macro to relay

	Minimum distance between macro and relay
	75m

	Minimum distance between relays 
	40m

	Traffic mode
	Full buffer


Due to the maximum reportable level is determined assuming UE is attached to one empty cell, i.e. no interference from other cells, thus the maximum reportable level will be same as R8/9.  Therefore we only verify the minimum reportable level by the system simulation. Figure1 shows the RSRQ CDF in Case 1 and Case 3. We can find that the minimum value is about -17.5dB which is aligned with our analysis in section 2.1.
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Figure1 CDF of RSRQ
3 Conclusion
Based on the analysis given in Section 2, we have the following proposal:

Proposal 1: The RSRQ measurement report mapping of R8/9 is applicable for Relay. 
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8.4
 RRM aspects
<Text will be added>

--- <BEGIN TEXT PROPOSAL> ---
8.4.x RSRQ Measurement Report Mapping of relay

The reporting range of RSRQ is defined from -19.5 dB to -3 with 0.5 dB resolution.

The mapping of measured quantity is defined in table 8.4.x. The range in the signalling may be larger than the guaranteed accuracy range.

Table 8.4.x: RSRQ measurement report mapping

	Reported value
	Measured quantity value
	Unit

	RSRQ_00
	RSRQ ( -19.5
	dB

	RSRQ_01
	-19.5 ( RSRQ < -19
	dB

	RSRQ_02
	-19 ( RSRQ < -18.5
	
dB


	…
	…
	…

	RSRQ_32
	-4 ( RSRQ < -3.5
	dB

	RSRQ_33
	-3.5 ( RSRQ < -3
	dB

	RSRQ_34
	-3 ( RSRQ
	dB


--- <END TEXT PROPOSAL> ---
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